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INTRODUCTION 

Pheno l ic  components o f  coa l  1 i q u e f a c t i o n  s o l v e n t s  have been cons idered t o  
be b e n e f i c i a l  f o r  convers ion  o f  coa l  (1,2). Orchin and Storch ( 2 ) ,  f o r  
example, r e p o r t e d  t h a t  t h e  a d d i t i o n  o f  smal l  amounts o f  c r e s o l  t o  t e t r a l i n  
inc reased t h e  c o n v e r s i o n  o f  coa l  compared w i t h  t h e  y i e l d  observed w i t h  
t e t r a l i n  alone. Kamiya and co-workers (3 )  observed a s i m i l a r  e f f e c t  w i t h  
phenol o r  c r e s o l  added t o  a s o l v e n t  composed o f  t e t r a l i n  and l - m e t h y l -  
naphthalene; t h e  magnitude o f  t h e  i n c r e a s e  was dependent upon t h e  coa l  used. 
The r e p o r t e d  e f f e c t  has been a s c r i b e d  t o  a v a r i e t y  o f  f a c t o r s ,  one o f  which i s  
a hydrogen-bonding i n t e r a c t i o n  between t h e  p h e n o l i c  species and e t h e r s  i n  t h e  
coa l  (2,3), l e a d i n g  t o  i n c r e a s e d  cleavage o f  v a r i o u s  e thers .  

Awadalla and Smith ( 4 )  observed an inc rease i n  convers ion  w i t h  p -c reso l  
b u t  suggested t h a t  t h e  e f f e c t  was an a r t i f a c t  o f  t h e  e x t r a c t i o n  process, a co- 
s o l v e n t  e f f e c t  a r i s i n g  f rom lack  o f  p r i o r  removal o f  t he  p h e n o l i c  m a t e r i a l .  
Larsen e t  a l .  (5 ) ,  i n v e s t i g a t i n g  t h e  use o f  phenol as a s o l v e n t  f o r  l i q u e f a c -  
t i o n  of  Bruceton P i t t s b u r g h  Seam coa l ,  found t h a t  a s o l v e n t / c o a l  r a t i o  o f  1.5 
and r e a c t i o n  tempera ture  o f  46OOC l e d  t o  a weight inc rease o f  t h e  coa l  o f  9% 
a f t e r  a 15-min r e a c t i o n .  Th is  l a r g e  amount o f  adduc t ion  w i t h  o n l y  a 10% 
convers ion  t o  p y r i d i n e - s o l u b l e  m a t e r i a l  i n d i c a t e s  t h a t  phenol i s  a very poor 
s o l v e n t  under t h e s e  c o n d i t i o n s .  Runs made a t  482°C r e s u l t e d  i n  an inc rease i n  
convers ion ,  up t o  82% f o r  a 10 /1  phenol /coal  feed. However, t h e  l i q u i d  
p roduc t  c o n t a i n e d  14% by we igh t  phenol o f  which 6% was a t t a c h e d  t o  t h e  coa l  by 
o t h e r  than hydrogen-bonding i n t e r a c t i o n s .  An a d d i t i o n a l  8% was exchangeable 
w i t h  un labe led  m a t e r i a l .  

O u r  (6 )  p a s t  work w i t h  naphtho ls ,  phenol, and c r e s o l s  u s i n g  a mic ro-  
a u t o c l a v e  u n i t  i n d i c a t e d  t h a t  phenol and naphtho ls  were poor  s o l v e n t s  f o r  coa l  
l i q u e f a c t i o n  due t o  h i g h  l e v e l s  o f  adduct ion.  However, l e s s  adduct ion  was 
observed w i t h  t h e  a d d i t i o n  o f  c r e s o l s  t o  t h e  so lvents .  Therefore,  a s e r i e s  of 
r u n s  were made i n  a CSTR u n i t  t o  e v a l u a t e  t h e  e f f e c t  o f  adding phenol and 
c r e s o l s  t o  an thracene o i l  (AO) and SRC-I1 d e r i v e d  so lvents .  I n  a d d i t i o n ,  an 
"OH-reduced" s n ! ~ ~ e n t  ~4 a :o!vcnt m i x t u r e  o f  AO p l i s  OH-concentrate were 
t e s t e d .  i 
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The c o a l  was Powhatan No. 5 Mine ( P i t t s b u r g h  No. 8 Seam) ground t o  pass 
a t  l e a s t  98% through 100 mesh screen. Analyses o f  t h e  c o a l  and s o l v e n t s  a r e  
g i v e n  i n  Table 1. 

The bench-scale l i q u e f a c t i o n  runs  were made i n  a cont inuous  f e e d  s t i r r e d -  
tank  r e a c t o r  (CSTR) system. A f l o w  diagram o f  t h e  coa l  l i q u e f a c t i o n  u n i t  i s  
shown i n  F i g u r e  1 ;  i t s  o p e r a t i o n  has been p r e v i o u s l y  descr ibed ( 7 ) .  Samples 
o f  t h e  r e a c t o r  s l u r r y  were f i r s t  s t r i p p e d  w i t h  n i t r o g e n ,  and t h e y  were t h e n  
s u b j e c t e d  t o  s e q u e n t i a l  Soxh le t  e x t r a c t i o n  u s i n g  pentane, to luene,  and 
t e t r a h y d r o f u r a n  (THF), r e s p e c t i v e l y .  F r a c t i o n s  were d e f i n e d  as f o l l o w s ,  u s i n g  
a s  a b a s i s  MAF c o a l  feed:  

w t %  o i l s  
w t X  asphal tenes 
w t %  preasphal tenes (PA) = { t o l u e n e  i n s o l u b l e ,  THF soluble/MAF c o a l  1 x 100 
w t %  THF i n s o l u b l e s  = {THF i n s o l u b l e  m a t e r i a l  /MAF c o a l  1 x 100 

RESULTS AND DISCUSSION 

= {(MAF coa l -pentane insolubles)/MAF c o a l  1 x 100 
= {pentane i n s o l u b l e ,  t o l u e n e  soluble/MAF c o a l  1 x 100 

- 
C h a r a c t e r i z a t i o n  o f  t h e  OH-Concentrate: The OH-concentrate (OH-CONC) was 

i s o l a t e d  by c o n t a c t i n g  S R C - I 1  s o l v e n t  w i t h  ac t iv ,a ted  Rohm and Haas Co. IRA-904 
r e s i n .  The OH-CONC was then f reed by washes o f  C02/methanol a c i d  and HC02H/ 
methanol f o l l o w e d  by  s o l v e n t  s t r i p p i n g .  

The hydroxy l  c o n c e n t r a t e  o f  SRC-I1 s o l v e n t  was added t o  a smal l  amount o f  
methylene c h l o r i d e  and analyzed by c a p i l l a r y  GC/MS. The g r e a t e s t  p o r t i o n  
( 5 6 % )  o f  t h e  chromatographic peaks o t h e r  t h a n  s o l v e n t  was phenol (10%) o r  
a l k y l - s u b s t i t u t e d  phenols (46%). Methy l  phenols (23%) account f o r  a p p r o x i -  
m a t e l y  h a l f  o f  t h e  a l k y l - s u b s t i t u t e d  phenols w i t h  t h e  remainder (23%) b e i n g  C2 
t o  C5  phenols. Other peaks i n c l u d e  C H 0 isomers (10%) and C H 0 isomers  
(9%) which a r e  probab ly  i n d a n o l s  and me%h:QIindanols. Hydroxybipkgn;? (1%) and 
carbazo le  (3%) were i d e n t i f i e d .  Po lynuc lear  a romat ic  hydrocarbons accounted 
f o r  1 6 %  o f  t h e  peaks. The l a r g e s t  o f  these was methylphenanthrene (4%). The 
remainder o f  t h e  peaks ( 5 % )  were smal l  and u n i d e n t i f i e d .  

The ‘H spectrum o f  t h e  OH-CONC f r a c t i o n  i s  shown i n  F i g u r e  2, and t h e  
r e s u l t s  a r e  summarized i n  Table 2. Th is  f r a c t i o n  has aromat ic ,  h y d r o x y l ,  
hydroaromat ic,  and a l k y l  s u b s t i t u e n t  f u n c t i o n a l i t y .  The a r o m a t i c  r e g i o n  spans 
f rom 6 ppm t o  8.6 ppm. These aromat ic  hydrogens represent  39.7% o f  t h e  t o t a l  
hydrogen. Even though t h e  n i t r o g e n  c o n t e n t  i s  r e l a t i v e l y  low ( l . l % ) ,  t h e  
smal l  amount o f  i n t e n s i t y  between 8.4 ppm and 8.6 ppm i n  t h e  a r o m a t i c  r e g i o n  
can be assigned t o  p r o t o n s  o r t h o  t o  t h e  n i t r o g e n  i n  p y r i d i n e - t y p e  s t r u c t u r e s .  
These pro tons  represent  l e s s  than 0.3% o f  t h e  hydrogen. There i s  a b r o a d  
resonance a t  5.4 ppm which can be assigned t o  hydroxy l  hydrogen. Th is  
accounts f o r  11.3% o f  t h e  hydrogen i n  t h e  spectrum. I n  t h e  r e g i o n  around 
3.4 ppm a r e  severa l  s m a l l e r  s i g n a l s  wh ich  can be assigned t o  methy lene b r i d g e s  
between aromat ic  r i n g s .  These methylene b r i d g e  hydrogens r e p r e s e n t  0.9% o f  
t h e  hydrogen present.  
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The main t y p e  o f  a l i p h a t i c  s u b s t i t u e n t  i s  methyl  groups on aromat ic  r i n g s  
as evidenced by t h e  sharp s i g n a l s  a t  2.2, 2.5, and 2.8 ppm. These s i g n a l s  
account f o r  25.7% o f  t h e  hydrogen present.  There a r e  a l s o  some (16.7% o f  
hydrogen) l o n g - c h a i n  a l i p h a t i c  s u b s t i t u e n t s  w i t h  an average c h a i n  l e n g t h  o f  
f i v e  carbons. Combining a broad s i g n a l  a t  1.7 ppm, t o g e t h e r  w i t h  an equ iva-  
l e n t  amount o f  i n t e n s i t y  f rom t h e  s i g n a l  a t  2.8 ppm, about 5.6% o f  t h e  
hydrogen i s  hydroaromat ic .  

The 1 3 C  NMR spectrum, g i v e n  i n  F i g u r e  3, shows the  OH-CONC t o  have an 
a r o m a t i c i t y  o f  77.4%. The r a t i o  o f  a romat ic  carbons t o  h y d r o x y l - b e a r i n g  
carbons i s  8.5: l .  The r a t i o  o f  t o t a l  carbon t o  oxygen i s  10.9:1, which i s  
reasonably c o n s i s t e n t  w i t h  t h a t  o f  t h e  e lementa l  carbon-to-oxygen a n a l y s i s  o f  
12.3: l .  

The amount o f  o r t h o  s u b s t i t u t i o n  i s  de termined as t h e  d i f f e r e n c e  between 
t h e  area o f  t h e  r e g i o n  f rom 152 ppm t o  156 ppm and o n e - h a l f  o f  t he  area 
between 110 ppm and 117 ppm. The amount o f  meta s u b s t i t u t i o n  i s  determined 
from the  s i g n a l s  a t  154-155 ppm, and t h e  d i f f e r e n c e  between t h e  amount o f  
h y d r o x y l - b e a r i n g  carbon and t h e  amounts o f  o r t h o  and meta s u b s t i t u t i o n  i s  para 
s u b s t i t u t i o n .  The r e s u l t s  a r e  g iven i n  Tab le  3. 

Since t h e  observed r a t i o  o f  a romat ic  carbons t o  hydroxy l  - b e a r i n g  carbons 
i s  8.5: l  and every  molecu le  t h e o r e t i c a l l y  has an a c i d i c  hydroxy l  group, t h e  
OH-CONC c o n s i s t s  o f  a m i x t u r e  o f  one- and t w o - r i n g  systems. Because o n l y  a 
smal l  amount o f  t h e  c o n c e n t r a t e  has been i d e n t i f i e d  as naphtho ls ,  t h e  remain- 
d e r  o f  t w o - r i n g  systems shou ld  be comprised o f  s i n g l e  r i n g s  j o i n e d  by shor t  
a l k y l  br idges. There i s  evidence f o r  b o t h  methylene and e t h y l  b r i d g e s  i n  t h e  
carbon spectrum. The d i s t r i b u t i o n  i s  shown i n  Tab le  3. 

The t o t a l  a l k y l - s u b s t i t u t e d  aromat ic  carbon i s  12.8%. Th is  was determined 
by  summing t h e  methylene b r i d g e  area t imes 2, t h e  e t h y l  b r i d g e  area, one h a l f  
t h e  hydroaromat ic area, and the  methyl  groups on aromat ic  r i n g s  area. The 
t o t a l  nonprotonated a r o m a t i c  carbon i s  d i f f i c u l t  t o  determine from t h e  normal 
s p e c t r a l  r e g i o n s  due t o  t h e  presence o f  hydroxy l  groups which induce an 
u p f i e l d  s h i f t  t o  t h e  carbons o r t h o  and para t o  it. To study t h i s ,  a NORD-CDRE 
( n o i s e  of f - resonance decoupled c o n v o l u t i o n  d i f f e r e n c e  r e s o l u t i o n  enhancement) 
exper iment was run. The s i g n a l s  u p f i e l d  o f  129.5 ppm a r e  due t o  b r i d g e  
carbons i n  1- and 2-naphthols.  The t o t a l  b r i d g e  carbon i s  15.5% as determined 
from t h e  d i f f e r e n c e  between the  t o t a l  nonpro tonated  carbon and t h e  a l k y l -  
s u b s t i t u t e d  carbon p l u s  h y d r o x y l - b e a r i n g  carbon (11.8%). There fore ,  t h e  l e v e l  
o f  p r o t o n a t e d  a r o m a t i c  carbon i s  58.5% of t h e  a r o m a t i c  carbon. 

CSTR Exper iments:  The r e s u l t s  of t h e  CSTR runs a r e  summarized i n  
Tab le  4. As a n t i c i E t e d ,  S R C - I 1  d i s t i l l a t e  i s  a b e t t e r  s o l v e n t  t h a n  A0 a t  
s h o r t  r e a c t i o n  t i m e s  ( 4  m i n )  as i n d i c a t e d  by h i g h e r  o v e r a l l  coa l  convers ion ,  a 
l o w e r  l e v e l  o f  p reaspha l tenes ,  and lower  hydrogen consumption. Wi th  both 
s o l v e n t s  t h e  y i e l d s  o f  o i l s  were negat ive .  With a n  i n c r e a s e  i n  space t i m e  t o  
15-19 minutes,  o v e r a l l  convers ions  inc reased t o  about t h e  same l e v e l  (72-75%). 
I I I C  i eC6ve i ieS o i  p reaspha i tenes  were e s s e n t i a i i y  t h e  same a t  about 5%, and 
t h e  hydrogen consumptions were equal  a t  3.5 g/100 g MAF coal .  However, a 
TL- 
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s i z a b l e  n e g a t i v e  y i e l d  o f  o i l s  was observed i n  t h e  A0 r u n  a t  15 minutes.  T h i s  
was a p p a r e n t l y  due t o  a h i g h  y i e l d  o f  asphal tenes. Whi le t h i s  o b s e r v a t i o n  
appears t o  be anomalous, t h e  produc t  s l u r r y  was e x t r a c t e d  a t o t a l  o f  f i v e  
t imes w i t h  e s s e n t i a l l y  t h e  same r e s u l t s .  

The d i r e c t  a d d i t i o n  o f  phenol t o  A0 (4-min space t ime)  was d e t r i m e n t a l .  
1 Whi le % s o l v a t i o n  inc reased m a r g i n a l l y ,  t h e  y i e l d  o f  asphal tenes i n c r e a s e d  

g r e a t l y  over  t h a t  o f  t h e  r u n  w i t h  A0 alone. The produc t  s l u r r y  was a l s o  very  
s t i c k y  and d i f f i c u l t  t o  handle;  t h e r e f o r e ,  pentane may have had some 
d i f f i c u l t y  p e n e t r a t i n g  i n t o  t h e  s l u r r y  sample and t h e n  e x t r a c t i n g  t h e  o i l s .  
The Y i e l d s  o f  p reaspha l tenes  were e s s e n t i a l l y  t h e  same f o r  t h e  runs  w i t h  A0 

The a d d i t i o n  o f  OH-concentrate, recovered f rom an i o n  exchange r e s i n  
t r e a t m e n t  (Rohm and Haas IRA-904) o f  S R C - I 1  s o l v e n t ,  t o  A0 had l i t t l e  e f f e c t  

\ on t h e  d i s t r i b u t i o n  o f  products.  Cons ider ing  t h e  OH-concentrate had a 
moderate l e v e l  o f  h y d r o a r o m a t i c i t y  w h i l e  t h a t  o f  A0 was low, and t h a t  t h e  OH- 
c o n c e n t r a t e  had a l r e a d y  e f f e c t i v e l y  passed th rough a l i q u e f a c t i o n  r e a c t o r ,  t h e  
OH-concentrate may n o t  r e a c t  s u f f i c i e n t l y  w i t h  coa l  r a d i c a l s  t o  form a d d i -  
t i o n a l  asphaltenes. 

The a d d i t i o n  o f  m-cresol  appeared t o  be o f  p a r t i c u l a r  b e n e f i t  t o  t h e  A0 
runs. Th is  a d d i t i o n  r e s u l t e d  i n  an i n c r e a s e  i n  t h e  y i e l d  o f  o i l s  a l o n g  w i t h  a 
marg ina l  i n c r e a s e  i n  % s o l v a t i o n .  I n  t h e  case o f  m-cresol  a d d i t i o n  t o  SRC-I1 
s o l v e n t  a t  a 15-minute r e a c t i o n  t ime,  t h e r e  was a small  i n c r e a s e  i n  % s o l v a -  
t i o n  w i t h  nominal inc reases  i n  each o f  t h e  produc t  f r a c t i o n s .  

Due t o  a l i m i t e d  amount o f  a v a i l a b l e  feed sample, o n l y  a s i n g l e  CSTR r u n  
was made w i t h  t h e  s o l v e n t  recovered a f t e r  t r e a t m e n t  w i th  IRA-904 r e s i n .  T h i s  
s o l v e n t  con ta ined 1.9% oxygen, w h i l e  t h e  as- rece ived SRC-I1 s o l v e n t  c o n t a i n e d  
2.8% oxygen. Even t h i s  p a r t i a l  removal o f  h y d r o x y l s  appears t o  be o f  b e n e f i t ,  
as observed by an i n c r e a s e  i n  o i l  y i e l d ,  a decrease i n  asphal tenes y i e l d ,  and 
a marg ina l  inc rease i n  % s o l v a t i o n  (THF s o l u b l e s ) .  

,, 
I and A0 p l u s  phenol. 

SUMMARY 

Coal l i q u e f a c t i o n  exper iments were c a r r i e d  o u t  a t  450°C i n  a cont inuous  
f e e d  s t i r r e d - t a n k  r e a c t o r  (CSTR) t o  observe t h e  e f f e c t  o f  add ing  p h e n o l i c s  t o  
anthracene o i l  ( A O )  and S R C - I 1  r e c y c l e  so lvents .  A t  nominal space t i m e s  of 4 
and 15  minutes,  t h e  l e v e l s  o f  c o n v e r s i o n  (THF s o l u b l e s )  were s i g n i f i c a n t l y  
h i g h e r  w i t h  S R C - I 1  r e c y c l e  s o l v e n t  t h a n  w i t h  anthracene o i l .  The a d d i t i o n  o f  
phenol t o  A0 a t  a r a t i o  o f  5/65 r e s u l t e d  i n  a nominal i n c r e a s e  i n  coa l  
convers ion  t o  THF so lub les ,  b u t  t h e  amount o f  aspha l tenes  more t h a n  doubled 
r e s u l t i n g  i n  a s i z a b l e  n e t  l o s s  o f  so lvent .  The a d d i t i o n " o f  m-cresol  t o  b o t h  
A0 and S R C - I 1  s o l v e n t s  had a p o s i t i v e  e f f e c t  on coa l  convers ion  t o  b o t h  THF 
and pentane so lub les  ( o i l s ) .  The p a r t i a l  removal o f  an OH-concentrate f rom 
S R C - I 1  so lvent  was c a r r i e d  o u t  u s i n g  Amberlyst  IRA-904 i o n  exchange res in .  

l v e n t  f o r  coa l  l i q u e f a c t i o n .  A c h a r a c t e r i z a t i o n  o f  t h e  OH-concentrate by 
*'C and 'H NMR and FTIR i n d i c a t e d  a moderate l e v e l  o f  a r o m a t i c i t y  (77%), a 

I The "OH-reduced" o i l  was o n l y  m a r g i n a l l y  b e t t e r  t h a n  raw SRC-I1 r e c y c l e  
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s i z a b l e  amount o f  s h o r t - c h a i n  a l i p h a t i c  s u b s t i t u t i o n ,  and a l s o  a s i z a b l e  
amount o f  h y d r o a r o m a t i c i t y .  GC/MS c h a r a c t e r i z a t i o n  p o i n t e d  ou t  a h i g h  
c o n c e n t r a t i o n  o f  one- and t w o - r i n g  s u b s t i t u t e d  pheno l ics .  
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Table 1 

Analyses of-Sol vents  a n d m  

Chemical Ana lys is  (wt%) Raw A0 -_ 
Carbon 
Hydrogen 
N i  t rogen 
Oxygen 
S u l f u r  
Ash 

91.2 
5.9 
1.0 
1.3 
0.6 - 

100.0 

Raw 
S R C - I  I OH-CONC -- ~ 

87.2 82.0 
8.7 7.8 
0.9 1.1 
2.8 8.9 
0.4 0.2 - - 

100.0 100.0 

OH 
Reduced 

88.4 
8.5 
0.9 
1.9 
0.3 

100.0 

*Powhatan No. 5 Mine ( P i t t s b u r g h  Seam) coal .  

-- Table  2 

'H NMR Ana lys is  o f  S R C - I 1  Hydroxy l  =Concentrate _____--__- 

A1 i p h a t i c  Hydrogens 

Methylene b r i d g e  
Methy l  
Hydroaromat ic 
Long a l k y l  c h a i n  (i.e., C 5 )  

T o t a l  a l i p h a t i c  

__ Hydroxy l  Hydrogens 

Aromat ic Hydrogens 

Aromat ic hydrogen o r t h o  t o  N 
Others 

Tota l  a romat ic  

T o t a l  

Coal * 
72.3 

5.1 
1.5 
7.9 
0.6 
9.7 

100.0 

0.9% 

5 .6 .  
25.6 

16.7 - 
48.7 

11.3 

0.3 
39.7 - 

40.0 

100.0% 

GR&DC, 3/22/84, 4087A-T 6 
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Table 3 

I 3 C  NMR A n a l y s i s  o f  S R C - I 1  Hydroxyl Concentrate 

A1 i p h a t i  c Carbons 

Methylene b r i d g e s  between r i n g s  
Other carbons a t o  a romat ic  r i n g s  
Methyl groups a t t a c h e d  t o  r i n g s  
Hydroaromatic carbons 
Long-chain a l k y l s  ( f r o m  H) (es t . )  1 

1.4% 
2.0 
5.7 
7.3 
6.2 - 

T o t a l  a l i p h a t i c  carbons 

Aromat ic Carbons (Ar-C) 

Or tho  methy l  groups ( t o  OH) 3.0 
Naphthols 1.0 
Unknown o r t h o  s u b s t i t u e n t s  0.9 

T o t a l  s u b s t i t u t e d  Ar-C's o r t h o  t o  OH groups 4.9 
S u b s t i t u t e d  Ar -C 's  meta t o  OH groups 9.9 

7.4 S u b s t i t u t e d  Ar -C 's  pa$a t o  OH groups - 

Hydroxy l  s u b s t i t u t e d  A r - C  

Pro tonated  A r - C  

T o t a l  

*Th is  i s  a l s o  s u b d i v i d e d  as  f o l l o w s :  

A1 k y l  - s u b s t i t u t e d  A r - C  
Aromat ic b r i d g e  carbons 

Tota l  

GR&DC, 3/22/84, ~ O W A - T  7 
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22.2* 

9.3 

45.9 

100.0 

- 

10.0 
12.2 

22.2 

- 

22.6% 



Table 4 

Summary o f  CSTR Runs w i t h  Phenolic Addit ives 

Space x Hydrogen 
T i  me Sol vat i on(') Yields(') (g/lOO 9) 

Solvent/Additive (min) (g/lOO g)  (g/lOO g) Di - 1 s Asphal tenes Preasphal tenes 

Anthracene O i  1 4.2 55.4 3.0 -7.0 29.9 19.9 
+m-Cresol 4.3 58.3 2.4 9.6 30.2 27.0 
+Phenol 4.4 58.5 2.1 -46.5 71.3 22.1 
+OH-CONC 4.1 56.7 2.5 -9.9 33.5 23.6 

Anthracene O i l  15.2 74.7 3.4 -35.5 82.9 6.7 
+m-Cresol 19.1 80.2 4.3 -2.1 55.3 3.7 

SRC-I I Solvent 4.7 61.3 1.8 -5.3 41.8 14.0 
OH-Reduced SRC-I1 4.6 63.9 2.7 2.1 34.5 17.8 

SRC-I1 Solvent 19.0 71.7 3.6 12.3 33.2 4.7 
+m-Cresol 15.0 76.6 3.6 14.5 34.9 7.5 

Notes: [:{Solvation i s  given as grams o f  tetrahydrofuran solubles/100 grams MAF coal. 
Yields are given as grams/100 grams MAF coal .  

U 
mion mmunf 
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FIGURE 1 S C H E W T I C  OF THE BENCH-SCALE CSTR W I T  
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FIGURE 2 'H-NMR SPECTRUM OF SRC-I I DERIVED HYDROXYL-CONCENTRATE 

I I I I I I I I I 1 
160 1 2 0  8 0  4 0  0 

PPM 

FIGURE 3 13C-WR SPECTRUM OF SRC-I I DERIVED HYDROXYL-CONCENTRATE 
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